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Wklv sdshu suhvhqwv d wkhru| ri d qrqprqrwrqlf uhodwlrqvkls ehwzhhq iruhljq
gluhfw lqyhvwphqw +khqfhiruwk IGL, dqg wudgh wkdw ￿wv zlwk wkh uhvxowv ri
hpslulfdo vwxglhv1 Lw ghsduwv iurp wkh wudglwlrqdo wkhrulhv ri lqwhuqdwlrqdo
lqyhvwphqw +erwk yhuwlfdo dqg krul}rqwdo, wkdw srvwxodwhg vlpsoh sdwwhuqv ri
uhodwlrqvkls ehwzhhq IGL dqg wudgh zlwk uhjdug wr wudgh frvwv1 Lw lv dvvxphg
wkdw wzr yhuwlfdoo|0uhodwhg ￿upv ghflgh vlpxowdqhrxvo| wr kdyh d vlqjoh sodqw lq d
krph frxqwu| ru wr kdyh dovr d vhfrqg sodqw lq d iruhljq frxqwu|1 IGL dqg wudgh
ehkdyh dv vxevwlwxwhv iru kljk ydoxhv ri pdunhw vl}h +zlwk uhodwlrq wr ￿{hg frvwv,
dqg hlwkhu dv vxevwlwxwhv ru frpsohphqwv iru orz ydoxhv ri pdunhw vl}h/ wkh
edodqfh ghshqglqj rq wudgh frvwv1 Wkh srvvleoh frpsohphqwdulw| ehwzhhq IGL
dqg wudgh iroorzv iurp wkh idfw wkdw wrr kljk wudgh frvwv rq lqwhuphgldwh jrrgv
suhyhqw IGL iurp wdnlqj sodfh1
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4 Lqwurgxfwlrq
Wklv sdshu ghdov zlwk wkh lpsdfw ri rxwzdug IGL xsrq wudgh1 Li d ￿up vhwv
xs d vxevlgldu| lq d iruhljq frxqwu|/ lwv h{sruwv wr wkh krvw frxqwu| h{sh0
ulhqfh wzr nlqgv ri fkdqjh +VYHQVVRQ/ 4<<9,1 Rq wkh rqh kdqg/ h{sruwv
ri ￿qlvkhg jrrgv duh vxevwlwxwhg e| orfdo surgxfwlrq lq wkh krvw frxqwu|1
Rq wkh rwkhu kdqg/ wkh hphujhqfh ri orfdo surgxfwlrq lq wkh krvw frxqwu|
fuhdwhv d ghpdqg iru lqwhuphgldwh jrrgv wkdw lv phw e| lpsruwv iurp wkh
sduhqw ￿up ru iurp rwkhu lqsxw vxssolhuv orfdwhg lq wkh krph frxqwu|1 Lw lv
olnho| wkdw wkh ulvh lq wkh ghpdqg iru lqwhuphgldwh jrrgv zloo eh juhdwhu wkdq
h{shfwhg ehfdxvh wkh hvwdeolvkphqw ri d vxevlgldu| juhdwo| lqfuhdvhv wkh vdohv
ri ￿qlvkhg jrrgv e| wkh ￿up lq wkh krvw frxqwu| rq dffrxqw ri wkh hqkdqfhg
sur{lplw| ehwzhhq surgxfwlrq dqg ￿qdo frqvxphuv14
Wkh vlpxowdqhrxv h{lvwhqfh ri uhodwlrqvklsv ri vxevwlwxwlrq dqg frpsoh0
phqwdulw| ehwzhhq rxwzdug IGL dqg wudgh pdnhv lw gl!fxow wr dvvhvv hp0
slulfdoo| zklfk lv wkh grplqdqw rqh1 Vrph vwxglhv/ vxfk dv wkrvh xqghu0
wdnhq e| SIDIIHUPD\U +4<<9, iru Dxvwuld dqg SDQWXOX dqg SRRQ
+5336, iru Mdsdq dqg wkh XV dprqj rwkhuv/ ￿qg wkdw rxwzdug IGL dqg wudgh
duh frpsohphqwv ri hdfk rwkhu1 Rwkhu vwxglhv/ vxfk dv wkrvh e| SDLQ dqg
ZDNHOLQ +4<<;,/ VYHQVVRQ +4<<9, dqg EORQLQJHQ +4<<<, qrwlfh d
frpelqdwlrq ri wkh h￿hfwv ri vxevwlwxwlrq dqg frpsohphqwdulw|/ wkh grpl0
qdqw ihdwxuh ghshqglqj rq wkh frxqwu|/ wkh lqgxvwu| dqg wkh wlph shulrg
zklfk duh h{dplqhg1
Rq edodqfh/ hpslulfdo vwxglhv ri wkh uhodwlrqvkls ehwzhhq rxwzdug IGL
dqg wudgh duh idfhg zlwk wzr gl￿huhqw nlqgv ri sureohpv1
Wkh ￿uvw olplwdwlrq olhv lq wkh djjuhjdwhg qdwxuh ri wkh gdwd dydlodeoh rq
h{sruwv dqg IGL vwrfnv1 Xvxdoo| gdwd dw frxqwu| ru lqgxvwu| ohyho duh xvhg
dqg wklv eoxuv wkh fruh glvwlqfwlrq ehwzhhq wudgh lq lqwhuphgldwh jrrgv +zklfk
lv d frpsohphqw wr IGL, dqg wudgh lq ￿qlvkhg jrrgv +zklfk vxevwlwxwhv IGL,1
Sdshuv/ vxfk dv wkrvh e| VYHQVVRQ +4<<9, dqg EORQLQJHQ +4<<<,/ wkdw
dyrlg wklv djjuhjdwlrq eldv e| xvlqj gdwd dw ￿up ohyho dqg dw surgxfw ohyho
uhvshfwlyho| frqfoxgh xsrq d frpelqdwlrq ri wkh h￿hfwv ri vxevwlwxwlrq dqg
4Wkh vxevlgldu| xvxdoo| dovr h{sruwv ￿qlvkhg jrrgv wr wklug frxqwulhv hvshfldoo| li wkhvh
ehorqj wr wkh vdph uhjlrqdo lqwhjudwlrq duhd/ wkxv vxevwlwxwlqj h{sruwv iurp wkh sduhqw
￿up lq wkhvh pdunhwv1 Wkhuhiruh/ zkloh wkh uhodwlrqvkls ehwzhhq rxwzdug IGL dqg wudgh lv
dpeljxrxv/ dv wkhuh lv erwk vxevwlwxwlrq dqg frpsohphqwdulw|/ lqzdug IGL qhduo| dozd|v
fuhdwhv wudgh +vhh SDLQ dqg ZDNHOLQ/ 4<<;,1 Lq wklv sdshu/ zh ghdo pdlqo| zlwk wkh
uhodwlrqvkls ehwzhhq rxwzdug IGL dqg wudgh1Iruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq 5
frpsohphqwdulw|/ wkh iruphu ehlqj voljkwo| pruh lpsruwdqw wkdq wkh odwwhu1
Wkh vhfrqg zhdnqhvv olhv lq wkh idfw wkdw prvw dssurdfkhv dlp wr dvvhvv
wkh gluhfw lpsdfw ri rxwzdug IGL rq wudgh +dqg ylfh0yhuvd,/ zkhuhdv/ lq idfw/
IGL dqg wudgh duh erwk hqgrjhqrxv yduldeohv wkdw duh fdxvhg e| wkh vdph
idfwruv1 Dv HJJHU +5334, qrwlfhg/ zkloh wkhuh lv qr vwdwlvwlfdoo| vljql￿fdqw
uhodwlrqvkls ehwzhhq IGL dqg wudgh/ erwk duh fruuhodwhg zlwk wkh vdph h{rjh0
qrxv yduldeohv1 Lqvwhdg ri phqwlrqlqj gluhfw vxevwlwxwlrq ru frpsohphqwdulw|
ehwzhhq IGL dqg wudgh/ lw lv pruh uhdvrqdeoh wr vshdn derxw vxevwlwxwlrq
ru frpsohphqwdulw| lq uhodwlrq wr d jlyhq frpprq h{rjhqrxv idfwru1 IGL
dqg wudgh duh frpsohphqwv lq uhodwlrq wr d jlyhq h{rjhqrxv fdxvh li wkh|
uhdfw lq wkh vdph zd| wr lw dqg wkh| duh vxevwlwxwhv rwkhuzlvh1 HJJHU
+5334, qrwlfhg wkdw IGL dqg wudgh duh frpsohphqwv lq uhodwlrq wr pdunhw
vl}h/ zlwk zklfk wkh| duh srvlwlyho| fruuhodwhg/ dqg vxevwlwxwhv lq uhodwlrq
wr wudgh frvwv/ dv IGL lqfuhdvhv dqg wudgh ghfuhdvhv zlwk jhqhudol}hg wudqv0
sruw frvwv1 Lq wklv sdshu/ zh dvvhvv wkh uhodwlrqvkls ri hlwkhu vxevwlwxwlrq ru
frpsohphqwdulw| ehwzhhq IGL dqg wudgh zlwk uhjdug wr erwk pdunhw vl}h +lq
uhodwlrq wr ￿{hg frvwv, dqg wudgh frvwv1
Qhyhuwkhohvv/ lw fdqqrw eh hdvlo| dffhswhg wkdw wkh uhodwlrqvkls ehwzhhq
IGL dqg wudgh frvwv lv d vlpsoh rqh1 D odujh vkduh ri IGL lv ￿wdul￿0mxpslqj￿/
l1h1 lw dlpv wr e|sdvv qdwlrqdo ru uhjlrqdo eduulhuv wr wudgh15 Krzhyhu/ wkh
vwhdg| lqfuhdvh lq IGL  rzv/ zklfk kdyh jurzq iurp d ohyho ri 717( ri zruog
surgxfwlrq lq 4<93 wr 4317( lq 4<<< +vhh SDQWXOX dqg SRRQ/ 5336, lv
frqvlvwhqw zlwk wkh frqwlqxrxv ghfolqh lq wudgh frvwv1 Lpshglphqwv wr wudgh
kdyh ehhq idoolqj vwhdglo| dv wudqvsruw dqg frppxqlfdwlrqv kdyh lpsuryhg
gudpdwlfdoo| dqg wdul￿ dqg qrqwdul￿ eduulhuv wr wudgh kdyh ghfuhdvhg qrw rqo|
pxowlodwhudoo|/ exw dovr lq wkh frqwh{w ri wkh irupdwlrq ri uhjlrqdo lqwhjudwlrq
duhdv vxfk dv QDIWD dqg wkh HX1 Wklv hyroxwlrq glg qrw suhyhqw d gudpdwlf
ulvh lq lqwhuqdwlrqdo lqyhvwphqw  rzv1
Wkh frpsoh{lw| ri wkh hpslulfdo uhvxowv frqfhuqlqj wkh uhodwlrqvkls eh0
wzhhq wudgh fuhdwlrq dqg IGL zlwk uhjdug wr wudgh frvwv kdv qrw ehhq pdwfkhg
e| wkh wkhru| ri pxowlqdwlrqdo ￿up orfdwlrq/ zklfk kdv surylghg vlpsoh/
prqrwrqlf sdwwhuqv ri uhodwlrqvkls1
Wkh wkhru| ri yhuwlfdo IGL +vhh KHOSPDQ/ 4<;7, dvvxphv wkdw wudqvsruw
frvwv duh forvh wr }hur dqg wkdw frxqwulhv kdyh yhu| gl￿huhqw uhodwlyh idfwru
hqgrzphqwv lq whupv/ iru lqvwdqfh/ ri wkh udwlrv ri vnloohg wr xqvnloohg oderu1
5Dq h{dpsoh lv wkh Mdsdqhvh lqyhvwphqw lq wkh XV dqg Hxursh dv d uhdfwlrq wr surwhf0
wlrqlvp +vhh/ iru h{dpsoh/ EORQLQJHQ/ 4<<<,1Iruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq 6
Xqghu wkhvh frqglwlrqv/ iuhh wudgh dorqh lv qrw vx!flhqw wr htxdol}h idfwru
sulfhv ehwzhhq frxqwulhv1 Wkhq ￿upv surgxflqj pdqxidfwxuhg jrrgv fdq
uhgxfh frvwv e| vsdwldoo| vhsdudwlqj wkh khdgtxduwhuv/ lqwhqvlyh lq vnloohg
oderu/ dqg wkh sodqw/ lqwhqvlyh lqxqvnloohg oderu/ dqg orfdwlqj hdfk vhjphqw lq
wkh frxqwu| wkdw lv dexqgdqw lq wkh idfwru wkdw lw xvhv pruh lqwhqvlyho|1 Vxfk
vsdwldo vhsdudwlrq |lhogv IGL dqg jhqhudwhv wudgh1 Wkh khdgtxduwhuv h{sruw
fdslwdo jrrgv dqg idfwru vhuylfhv wr wkh krvw frxqwu| dqg wkh sodqw h{sruwv
￿qlvkhg jrrgv edfn wr wkh krph frxqwu|1 IGL dqg wudgh duh frpsohphqwv
erwk ehwzhhq wkhpvhoyhv dqg zlwk uhjdug wr wudgh frvwv1
Wkh wkhru| ri krul}rqwdo lqyhvwphqw +vhh KRUVWPDQQ dqg PDUNXVHQ/
4<<5> EUDLQDUG/ 4<<6, dvvxphv wkdw wkhuh duh hfrqrplhv ri vfdoh lq sur0
gxfwlrq dqg wkdw wkh ￿up idfhv d wudgh0r￿ ehwzhhq frqfhqwudwlrq dqg sur{0
lplw| wr frqvxphuv1 Li hfrqrplhv ri vfdoh lq surgxfwlrq zlwk uhjdug wr pdunhw
vl}h duh kljk dqg wudgh frvwv duh orz/ wkh prvw sur￿wdeoh orfdwlrq vwudwhj|
lv wr frqfhqwudwh surgxfwlrq lq d vlqjoh frxqwu| lq d qdwlrqdo ￿up dqg wr
vxsso| rwkhu frxqwulhv wkurxjk h{sruwv1 Li hfrqrplhv ri vfdoh lq uhodwlrq
wr pdunhw vl}h duh orz dqg wudgh frvwv duh kljk/ wkh ehvw orfdwlrq vwudwhj|
lv wr vhuyh hdfk frxqwu| wkurxjk d sodqw orfdwhg lq lw/ lq wkh frqwh{w ri d
pxowlqdwlrqdo ￿up1 IGL dqg wudgh duh vxevwlwxwhv erwk ehwzhhq wkhpvhoyhv
dqg zlwk uhjdug wr wudgh frvwv1
Lq wklv sdshu/ zh wu| wr eohqg ihdwxuhv ri wkh yhuwlfdo dqg krul}rqwdo
wkhrulhv ri lqyhvwphqw lq rughu wr jhqhudwh d wkhru| wkdw vkrzv d frpsoh{/
qrqprqrwrqlf uhodwlrqvkls ehwzhhq IGL dqg wudgh zlwk uhjdug wr wudgh frvwv1
Wklv wkhru| exlogv rq d vxjjhvwlrq e| EUDLQDUG +4<<6, iru glylglqj wkh
rshudwlrq ri dq lqgxvwuldo ￿up lqwr wzr yhuwlfdoo|0uhodwhg vwdjhv= xsvwuhdp
surgxfwlrq +vxfk dv ￿pdqxidfwxulqj￿, dqg grzqvwuhdp surgxfwlrq +vxfk dv
￿glvwulexwlrq dqg vdohv￿,1 Wkh wzr vwdjhv xvh idfwruv ri surgxfwlrq lq wkh
vdph sursruwlrq/ exw kdyh gl￿huhqw wudgh0r￿v lq uhodwlrq wr wkh txhvwlrq ri
frqfhqwudwlrq2sur{lplw| wr frqvxphuv1 Il{hg frvwv dw wkh sodqw ohyho duh
kljkhu lq xsvwuhdp surgxfwlrq wkdq lq grzqvwuhdp surgxfwlrq dqg wkh rs0
srvlwh uhodwlrqvkls krogv wuxh iru wudgh frvwv1 Li erwk vwdjhv duh ghfhqwudol}hg
dfurvv frxqwulhv/ IGL vxevwlwxwhv wudgh1 Exw li wkh xsvwuhdp vwdjh uhpdlqv
frqfhqwudwhg zkloh wkh grzqvwuhdp vwdjh ghfhqwudol}hv/ IGL fuhdwhv wudgh lq
lqwhuphgldwh jrrgv/ vr wkdw IGL dqg wudgh duh frpsohphqwv1
Edvlfdoo| lw lv h{shfwhg wkdw IGL zloo vxevwlwxwh wudgh zkhq wudgh frvwv
duh orz/ vr wkdw wudgh  rzv h{lvw ehiruh IGL dqg duh uhsodfhg e| lw dv d zd|
ri vxsso|lqj iruhljq pdunhwv1 Li wudgh frvwv duh kljk/ wudgh  rzv gr qrw h{lvw
ehiruh IGL/ zklfk fdq ohdg wr d wudgh lq lqwhuphgldwh jrrgv/ wkxv dfwlqj dvIruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq 7
d frpsohphqw wr wudgh1




Wkh hfrqrp| reh|v wkh iroorzlqj dvvxpswlrqv=
41 Wkhuh duh wzr frxqwulhv/ M +Krph, dqg 8 +Iruhljq,/ zlwk dq lghqwlfdo
qxpehu ri frqvxphuv/ ?1 E| gh￿qlwlrq/ wkh glvwdqfh ehwzhhq orfdwlrqv
lq gl￿huhqw frxqwulhv lv ￿ dqg wkh glvwdqfh ehwzhhq orfdwlrqv lq wkh
vdph frxqwu| lv f1
51 Wkhuh duh wzr ￿upv/ L +xsvwuhdp, wkdw surgxfhv dq lqwhuphgldwh jrrg/
dqg ( +grzqvwuhdp, wkdw surgxfhv d frqvxphu jrrg1 Ilup ( xvhv k
xqlwv ri wkh lqwhuphgldwh jrrg lq rughu wr surgxfh rqh xqlw ri wkh
￿qlvkhg jrrg1
61 Wkh ￿upv kdyh wkhlu khdgtxduwhuv orfdwhg lq frxqwu| M1 Wkh| dovr uxq
d sodqw lq wkh krph frxqwu| dqg fdq fkrrvh wr vhw xs d vhfrqg sodqw
lq wkh iruhljq frxqwu|1 Wkh ￿upv kdyh hqwhuhg wkh pdunhw suhylrxvo|
dqg duh vxssrvhg qrw wr h{lw1
71 Ilupv L dqg ( kdyh frvw ixqfwlrqv zlwk ￿{hg frvwv a dqg C/ uhvshf0
wlyho|/ dqg frqvwdqw pdujlqdo surgxfwlrq frvwv/ SL dqg S(1 Lw lv dvvxphg
wkdw hfrqrplhv ri vfdoh duh pruh lpsruwdqw iru wkh xsvwuhdp ￿up/ vr
wkdw a:C 1
81 Frqvxphuv kdyh lghqwlfdo olqhdu ghpdqg ixqfwlrqv ^ ’ @￿KR_/ zkhuh ^
lv wkh txdqwlw| ghpdqghg dqg R_ lv wkh gholyhuhg sulfh wr wkh frqvxphu
+wkh vxp ri wkh ire ploo sulfh R dqg wkh wudgh frvw ehwzhhq wkh frqvxphu
dqg wkh ￿up |,1 D ￿up zklfk kdv wzr sodqwv fkdujhv wkh vdph ire ploo
sulfh lq erwk ri wkhp1
91 Wkh lqwhuphgldwh jrrg dqg wkh ￿qlvkhg jrrg kdyh wudgh frvwv shu xqlwIruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq 8
ri glvwdqfh |& dqg |/ uhvshfwlyho|16 Iru erwk jrrgv wkh wudgh frvw lv
vxssruwhg e| wkh ex|hu1 Lw lv ixuwkhu dvvxphg wkdw |& dqg | ydu| lq
sursruwlrq1
515 Wkh vwuxfwxuh ri wkh jdph
Wkh hfrqrp| gh￿qhg e| wkh dvvxpswlrqv lq wkh suhylrxv vxevhfwlrq fdq eh
prghoohg dv d wkuhh0vwdjh qrqfrrshudwlyh jdph sod|hg e| ￿upv L dqg (1
Wkh vwdjhv duh=
4vw vwdjh= Hdfk ￿up ghflghv zkhwkhu wr uxq d vlqjoh sodqw lq wkh krph
frxqwu| +vwudwhj| ￿4￿, ru wr vhw xs wzr sodqwv/ rqh lq wkh krph frxqwu|
dqg wkh rwkhu lq wkh iruhljq frxqwu| +vwudwhj| ￿5￿,1
5qg vwdjh= Wkh xsvwuhdp ￿up fkrrvhv wkh ire ploo sulfh & ri wkh lqwhuph0
gldwh jrrg1
6ug vwdjh= Wkh grzqvwuhdp ￿up vhohfwv wkh ire ploo sulfh R ri wkh ￿qlvkhg
jrrg1
Uhpdun 4 Iru wkh vdnh ri vlpsolflw|/ wkh vwudwhj| ￿H{lw￿ zdv h{foxghg iurp
wkh vwudwhj| vhw ri wkh ￿uvw0 vwdjh jdph1 Zhuh lw lqfoxghg/ ￿H{lw/H{lw￿ zrxog
eh d Qdvk htxloleulxp ri wkh jdph iru dq| sdudphwhu ydoxhv1
Dv xvxdo/ wkh wkuhh0vwdjh jdph fdq eh vroyhg e| edfnzdug lqgxfwlrq lq
rughu wr rewdlq d vxejdph shuihfw htxloleulxp1 Wkh sd|r￿v lq wkh ￿uvw vwdjh
jdph duh dv iroorzv +wkh vxevfulsw lqglfdwhv wkh sod|hu> wkh ￿uvw gljlw lq wkh
sduhqwkhvlv lqglfdwhv wkh vwudwhj| ri ￿up L> wkh vhfrqg gljlw lqglfdwhv wkh
vwudwhj| ri ￿up (,1
￿L E￿c￿￿ ’ kE& ￿ SL￿d?E@￿ KR￿n?E@ ￿KER n |￿￿o￿ a li @ ￿ KER n |￿ ￿ f
￿L E￿c￿￿ ’ kE& ￿ SL￿?E@ ￿ KR￿ ￿ a rwkhuzlvh
+4,
6Wkh wudgh frvw lqfoxghv wkh wudqvsruw frvw dqg rwkhu eduulhuv wr wudgh/ vxfk dv frp0
pxqlfdwlrq frvwv/ wdul￿ dqg qrqwdul￿ eduulhuv/ olqjxlvwlf dqg fxowxudo gl￿huhqfhv1 Lq zkdw
iroorzv wkh zrugv ￿wudgh frvwv￿ dqg ￿wudqvsruw frvwv￿ zloo kdyh doprvw wkh vdph phdqlqj1Iruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq 9
￿( E￿c￿￿ ’ ER ￿S( ￿ k&￿d?E@ ￿KR￿n?E@ ￿ KERn |￿￿o￿ C li @ ￿ KER n |￿ ￿ f
￿( E￿c￿￿ ’ ER ￿S( ￿ k&￿?E@ ￿ KR￿ ￿ C rwkhuzlvh
+5,
Wkh ￿uvw fdvh lq h{suhvvlrqv 4 dqg 5 uh hfwv wkh vlwxdwlrq zkhuh wkh
wudqvsruw frvwv ri wkh frqvxphu jrrg duh orz hqrxjk iru wkh sodqw ri wkh
grzqvwuhdp ￿up orfdwhg lq wkh krph frxqwu| wr eh deoh wr h{sruw wr wkh
iruhljq frxqwu|1 Wklv srvvlelolw| grhv qrw h{lvw lq wkh vhfrqg fdvh/ dv wkh
grzqvwuhdp xqlw lq wkh krph frxqwu| lv frqvwudlqhg wr vhoo lwv rxwsxw orfdoo|1
￿L E￿c2￿ ’ k& E2?￿E@ ￿KR￿ ￿ a li @ ￿ KR ￿ f
￿L E￿c2￿ ’ xqgh￿qhg rwkhuzlvh +6,
￿( E￿c2 ￿’E R￿ S( ￿ k&￿?E@ ￿ KR￿nd R ￿ S( ￿ kE& n |&￿o?E@￿ KR￿ ￿ 2C
’E R￿ S( ￿ k&￿2?E@￿ KR￿ ￿ k|&?E@￿ KR￿ ￿ 2C
li @ ￿ KR ￿ f
￿( E￿c2￿ ’ xqgh￿qhg rwkhuzlvh +7,
Wkh sur￿w ixqfwlrq ￿( E￿c2￿ fdq eh ghfrpsrvhg lqwr wkuhh whupv= wkh
jurvv sur￿wv ri wkh sodqwv/ wkh wudqvsruw frvwv ri wkh lqwhuphgldwh jrrg wr
wkh sodqw lq wkh iruhljq frxqwu| dqg wkh ￿{hg frvwv1 Wkh idfw wkdw sd|r￿
ixqfwlrqv 6 dqg 7 fdq eh xqgh￿qhg phdqv wkdw/ iru kljk ydoxhv ri wudqvsruw
frvwv ri wkh lqsxw |&/ wkh sur￿w0pd{lpl}lqj sulfh ri wkh ￿qlvkhg jrrg lv kljkhu
wkdq wkh frqvxphu*v uhvhuydwlrq sulfh1
￿L E￿c￿￿ ’ kE& ￿ SL￿d?E@￿ KR￿n?E@ ￿KER n |￿￿o￿ 2a li @ ￿KER n |￿ ￿ f
￿L E￿c￿￿ ’ kE& ￿ SL￿?E@ ￿ KR￿ ￿ 2a rwkhuzlvh +8,
￿( E2c￿￿ ’ ￿( E￿c￿￿ +9,
Wkh sd|r￿ 8 iroorzv iurp wkh idfw wkdw wkh grzqvwuhdp sodqw lq wkh krph
frxqwu| ex|v wkh lqwhuphgldwh jrrg iurp wkh xsvwuhdp xqlw orfdwhg lq wkhIruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq :
vdph frxqwu|1 Wkh dgglwlrq ri d vhfrqg xsvwuhdp sodqw grhv qrw fkdqjh lwv
sur￿w1
￿L E2c2￿ ’ kE& ￿ SL￿E2?￿E@ ￿ KR￿ ￿ 2a +:,
￿( E2c2￿ ’ 2?E@ ￿KR￿ER￿ S( ￿ k&￿ ￿ 2C +;,
Lq rughu wr rewdlq d fodvv ri jdphv zlwk rqo| wzr sdudphwhuv +| dqg ?,/
wkh iroorzlqj sdudphwhu vshfl￿fdwlrqv duh pdgh zlwkrxw orvv ri jhqhudolw|=
S( ’ SL ’ f
@ ’ K ’￿
a ’￿ f :C’￿
k ’f ￿D +<,
Dv l p s o hz d| wr dvvxph wkdw wkh wudqvsruw frvwv ri wkh lqsxw dqg ri wkh
frqvxphu jrrg ydu| lq sursruwlrq lv wr dvvxph wkdw wkh| duh htxdo=
| ’ |& +43,
Zlwk wkh sdudphwhu vshfl￿fdwlrqv ri < dqg 43/ lw lv srvvleoh wr vroyh wkh
wklug dqg vhfrqg vwdjhv ri wkh jdph e| edfnzdug lqgxfwlrq dqg wr rewdlq wkh
sur￿w0pd{lpl}lqj &W dqg RW lq whupv ri wkh sdudphwhuv | dqg ?1 Vxevwlwxwlqj
wkhvh ydoxhv lq wkh sd|r￿ ixqfwlrqv/ zh rewdlq wkh sd|r￿v lq wkh ￿uvw0vwdjh
jdph lq whupv ri wkh sdudphwhuv | dqg ?1 Fdofxodwlrqv duh ixoo| h{sodlqhg lq
wkh Dsshqgl{1 Lq wkh surfhvv/ lw lv hdv| wr uhdol}h wkdw frqglwlrq @￿KER n |￿ ￿
f lq 4 dqg 5 phdqv wkdw | ￿ f￿e dqg wkdw frqglwlrq @ ￿ KR ￿ f l q6d q g7l v
htxlydohqw wr | ￿ e1
Wkh fodvv ri jdphv zlwk wkh sdudphwhuv E|c?￿ fdq eh vxppdul}hg e| wzr
sd|r￿ pdwulfhv/ rqh iru f ￿|￿ f￿e dqg wkh rwkhu iru f￿e ￿|￿ e￿



























































































+45,Iruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq ;
Wkh ehvw uhso| vwuxfwxuh ri pdwulfhv 44 dqg 45 lv hdv| wr dvvhvv1 Iru dq|
ydoxhv ri E|c?￿/z hk d y h
￿L E￿c￿￿ :￿ L E2c￿￿ +46,











Lq pdwul{ 45/ frqglwlrq ￿( E￿c￿￿ ￿￿ ( E￿c2￿ phdqv wkdw
?:
￿2H
H ￿ H| n |2 iru f￿e ￿|￿ ￿￿￿.￿S +49,
Iru ￿￿￿.￿S ￿|￿ e/z hk d y h
￿( E￿c￿￿ :￿ ( E￿c2￿ +4:,





Lq pdwul{ 45/ wkh vdph frqglwlrq phdqv wkdw
?:￿S +4<,
Zlwk wkh ehvw uhso| vwuxfwxuh h{suhvvhg e| frqglwlrqv 46 wr 4</ lw lv
vwudljkwiruzdug wr sorw wkh vhw ri Qdvk htxloleuld lq sdudphwhu vsdfh E|c?￿ lq
Iljxuh 41Iruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq <
Iljxuh 4= Qdvk orfdwlrq htxloleuld lq E|c?￿ vsdfhIruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq 43
Wkh rxwfrph ri wklv fodvv ri jdphv/ dv vkrzq lq Iljxuh 4/ lv wkh iroorzlqj1
Li wudgh frvwv duh yhu| orz/ wkh rxwfrph lv E￿c￿￿
W= erwk ￿upv uxq vlqjoh
sodqwv lq wkh krph frxqwu| dqg wkh frqvxphu jrrgv ￿up vxssolhv wkh iruhljq
pdunhw wkurxjk h{sruwv1
Li wudgh frvwv lqfuhdvh/ wkh rxwfrph lv E￿c2￿= wkh grzqvwuhdp ￿up vhwv xs
d vhfrqg sodqw lq wkh iruhljq pdunhw lq rughu wr eh forvh wr iruhljq frqvxphuv1
Lw lpsruwv wkh lqwhuphgldwh jrrg iurp wkh krph frxqwu|1
Li wudgh frvwv lqfuhdvh ixuwkhu dqg pdunhw vl}h lv kljk hqrxjk/ wkh rxw0
frph lv E2c2￿= wkh xsvwuhdp ￿up fhdvhv wr h{sruw wkh lqwhuphgldwh jrrg dqg
hvwdeolvkhv d sodqw lq wkh iruhljq frxqwu|1 Erwk ￿upv ehfrph pxowlqdwlrqdov
dqg wudgh glvdsshduv1 Li pdunhw vl}h lv orz lq uhodwlrq wr hfrqrplhv ri vfdoh
wkh rxwfrph lv E￿c￿￿1 Wkh sodqw ri wkh grzqvwuhdp ￿up lq wkh iruhljq frxq0
wu| fdq qr orqjhu lpsruw wkh lqwhuphgldwh jrrg iurp wkh krph frxqwu| dqg
lv frqvwudlqhg wr forvh1 Rq wkh rwkhu kdqg/ IGL e| wkh xsvwuhdp ￿up lv qrw
ihdvleoh rq dffrxqw ri kljk ￿{hg frvwv lq uhodwlrq wr pdunhw vl}h1
Krzhyhu/ li wudgh frvwv ehfrph yhu| kljk/ wkhuh duh wzr gl￿huhqw rxwfrphv
fruuhvsrqglqj wr wzr glvwlqfw Qdvk htxloleuld/ E￿c￿￿ dqg E2c2￿/ lq wkh frqwh{w
ri d frruglqdwlrq jdph1 Lq wkh E￿c￿￿ htxloleulxp/ hdfk ￿up kdv d vlqjoh sodqw
lq wkh krph frxqwu| dqg lv frqvwudlqhg wr vhoo orfdoo|1 Zk| grhv wklv vhfrqg
htxloleulxp E￿c￿￿ dsshdu lq wklv uhjlrq ri wkh sdudphwhu vsdfhB Wkh fuxfldo
gl￿huhqfh zlwk wkh suhylrxv uhjlrq olhv lq wkh idfw wkdw qrz wkh grzqvwuhdp
￿up fdq qr orqjhu vxssruw wkh kljk wudgh frvw ri wkh lqwhuphgldwh jrrg wkdw
zrxog dulvh li wkh xsvwuhdp ￿up glg qrw lqyhvw lq wkh iruhljq frxqwu|1 Wkh
vwudwhjlf xqfhuwdlqw| wkdw wkh frqvxphu jrrgv ￿up kdv derxw wkh lqyhvwphqw
ghflvlrq ri wkh lqsxw vxssolhu fdq ohdg lw wr dyrlg lqyhvwphqw lq wkh iruhljq
frxqwu|1
Iljxuh 5 sorwv wkh ydoxh ri h{sruwv f dv d ixqfwlrq ri wkh wudgh frvwv
iru ? ’ ￿￿f1 Xqvxusulvlqjo| wkh ixqfwlrq lv ghfuhdvlqj1 Zkhq wudgh frvwv
duh orz/ wkh vhw ri orfdwlrqv lv E￿c￿￿
W dqg wkh grzqvwuhdp ￿up h{sruwv wkh
￿qlvkhg jrrg wr wkh iruhljq frxqwu|1 Wkh ydoxh ri h{sruwv ghfuhdvhv zlwk
wudgh frvwv1 Wkh ￿uvw srlqw zkhuh wkh ixqfwlrq lv glvfrqwlqxrxv +dowkrxjk wkh
￿mxps￿ lv vpdoo, uh hfwv wkh fulwlfdo ohyho zkhuh wkh vhw ri orfdwlrqv vzlwfkhv
wr E￿c2￿1 H{sruwv ri frqvxphu jrrgv duh vxevwlwxwhg e| wudgh lq lqwhuphgldwh
jrrgv wkdw duh h{sruwhg e| wkh xsvwuhdp ￿up wr wkh ghfhqwudol}hg sodqw ri
wkh frqvxphu jrrg ￿up1 Wklv nlqg ri h{sruwv ghfuhdvhv dovr zlwk wkh wudgh
frvwv1 Zkhq wkh wudgh frvwv uhdfkhv dq xsshu erxqg/ wkh xsvwuhdp ￿up vhwv
xs d sodqw lq wkh iruhljq frxqwu|/ vr wkdw d sdwwhuq E2c2￿ dulvhv/ dqg wudgh lq
lqwhuphgldwh jrrgv idoov wr }hur1Iruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq 44
Iljxuh 5= Ydoxh ri h{sruwv f dv d ixqfwlrq ri wudgh frvwv |1Iruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq 45
Xqvxusulvlqjo|/ wkh frqfoxvlrqv derxw wkh qdwxuh ri wkh uhodwlrqvkls eh0
wzhhq IGL dqg wudgh ghshqg rq pdunhw vl}h dqg rq wkh vhohfwlrq ri wkh
htxloleulxp lq wkh uhjlrq zlwk E￿c￿￿ dqg E2c2￿ dv Qdvk htxloleuld1
Lq zkdw iroorzv/ lw lv dwwhpswhg wr vhohfw d xqltxh htxloleulxp lq wkh
uhjlrq zlwk wzr Qdvk htxloleuld E￿c￿￿ dqg E2c2￿ lq wkh orfdwlrq vxejdph/
xvlqj wkh phwkrgrorj| fuhdwhg e| KDUVDQ\L dqg VHOWHQ +4<;;,1
Lw lv hdv| wr frqfoxgh wkdw lq pdwul{ 45 E2c2￿grplqdwhv E￿c￿￿lq sd|r￿v iru
?:Hf1 Khqfh iru doo jdphv deryh olqh ? ’H flq Iljxuh 6/ ￿upv zlwk frpprq
nqrzohgjh ri wkh sd|r￿ ixqfwlrqv zloo frruglqdwh lq wkh Sduhwr grplqdwlqj
htxloleulxp E2c2￿1
Iru srlqwv ehorz ? ’H f / zh frpsxwh wkh uhodwlyh ghjuhh ri ulvnlqhvv ri
wkh htxloleuld/ dffruglqj wr wkh frqfhsw ri ￿ulvn grplqdqfh￿1 Ohw wkh sd|r￿v
lq 45 eh ghqrwhg e|
(
￿2
L ￿ ￿￿￿c_￿￿ ￿￿2c_￿2
2 ￿2￿c_ 2￿ ￿22c_22
+53,
Wkhq lw lv srvvleoh wr dsso| d wudqvirupdwlrq frqvlvwlqj lq vxewudfwlqj
d frqvwdqw wr hdfk urz dqg froxpq/ zklfk suhvhuyhv wkh vwuxfwxuh ri ehvw0
uhsolhv dqg wkh vhw ri Qdvk htxloleuld1 Wklv dprxqwv wr frpsxwlqj wkh pdwul{
(
￿ 2
L ￿ ￿￿c_￿ fcf
2f cf ￿2c_ 2
+54,
zkhuh
￿￿ ’ ￿￿￿ ￿ ￿2￿ +55,
￿2 ’ ￿22 ￿ ￿￿2
_￿ ’ _￿￿ ￿ _￿2
_2 ’ _22 ￿ _2￿
Lw fdq hdvlo| eh irxqg wkdw
￿￿_￿ ￿ ￿2_2 ’
|?
￿f2e
E? ￿ bS￿E| ￿ H￿ +56,
zklfk/ iru f ￿|￿ e/ lv srvlwlyh iru ?￿bS1 Khqfh/ iru ?￿Hf/w k h
vwudwhj| ￿5￿ lv frqvlghuhg wrr ulvn| wr eh vhohfwhg dqg wkh rxwfrph ri wkhIruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq 46
Iljxuh 6= Xqltxh Qdvk orfdwlrq htxloleuld lq E|c?￿ vsdfh1
jdph lv E￿c￿￿1 Wkh vhohfwlrq surfhgxuh fdq eh lqwhusuhwhg e| vd|lqj wkdw/
li pdunhw vl}h lv kljk/ hdfk ￿up eholhyhv wkdw wkh kljk sur￿wv uhodwhg zlwk
IGL ohdg wkh rwkhu ￿up wr lqyhvw lq wkh iruhljq frxqwu| ghvslwh wkh ulvn
lqyroyhg1 Rwkhuzlvh/ wkh ulvn iru wkh grzqvwuhdp ￿up ri lqyhvwlqj dqg
kdylqj wr vxssruw d kljk wudgh frvw rq lpsruwhg lqwhuphgldwh jrrgv ohdgv
hdfk ￿up wr h{shfw wkdw wkh rwkhu ￿up zloo qrw lqyhvw/ vr wkdw E￿c￿￿ lv wkh
rxwfrph ri wkh jdph1
Iljxuh 6 vkrzv wkh vhw ri Qdvk htxloleuld ri orfdwlrqv lq sdudphwhu vsdfh
E|c?￿ zlwk wkh vhohfwlrq ri htxloleulxp shuiruphg deryh1Iruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq 47
6 Frqfoxglqj uhpdunv
Wkh uhodwlrqvkls ri hlwkhu frpsohphqwdulw| ru vxevwlwxwlrq ehwzhhq IGL dqg
wudgh zlwk uhjdug wr pdunhw vl}h dqg wudgh frvwv fdq eh dvvhvvhg lq wkh
iroorzlqj zd|1
Dvvxph ￿uvw wkdw pdunhw vl}h lv orz E?￿Hf￿1 Wkhq/ li zh dvvxph wkdw
wudgh frvwv lqfuhdvh vwduwlqj iurp }hur/ d wudqvlwlrq fkdlq lv rewdlqhg dv
E￿c￿￿
W , E￿c2￿ , E￿c￿￿17 Iluvw/ zh kdyh E￿c￿￿
W , E￿c2￿/ zklfk ghfuhdvhv
wudgh/ dv wudgh lq lqwhuphgldwh jrrgv lv orzhu wkdq wudgh lq ￿qlvkhg jrrgv
+vhh Iljxuh 5,/ dqg eulqjv derxw IGL lq wkh frqvxphu jrrgv lqgxvwu|= IGL
dqg wudgh duh vxevwlwxwhv1 Wkh vhfrqg wudqvlwlrq lv E￿c2￿ , E￿c￿￿/w k d w
holplqdwhv wudgh +lq lqwhuphgldwh jrrgv, dqg grzqvwuhdp IGL/ vr wkdw wudgh
dqg IGL duh frpsohphqwv1
Wkhq/ dvvxplqj wkdw pdunhw vl}h lv kljk E?:Hf￿/ wkh wudqvlwlrq fkdlq lv
E￿c￿￿
W , E￿c2￿ , E2c2￿18 Lq wkh ￿uvw wudqvlwlrq/ zh kdyh E￿c￿￿
W , E￿c2￿/
dqg IGL dqg wudgh ehkdyh dv vxevwlwxwhv1 Wkh vdph krogv iru wkh wudqvlwlrq
E￿c2￿ , E2c2￿/ zklfk holplqdwhv wudgh lqwhuphgldwh jrrgv dqg eulqjv derxw
xsvwuhdp IGL1
Wkhuhiruh/ lw fdq eh frqfoxghg wkdw IGL dqg wudgh ehkdyh dv vxevwlwxwhv
zkhq pdunhw vl}h lq uhodwlrq wr hfrqrplhv ri vfdoh lv kljk1 Rwkhuzlvh/ wkh|
fdq ehkdyh hlwkhu dv vxevwlwxwhv ru frpsohphqwv ghshqglqj rq wkh ohyho ri
wudgh frvwv1 Pruh suhflvho|/ li pdunhw vl}h lv orz lq uhodwlrq wr hfrqrplhv
ri vfdoh/ frpsohphqwdulw| lv pruh olnho| wr rffxu zkhq wudgh frvwv duh kljk/
zlwk vxevwlwxwlrq suhydlolqj zkhq wudgh frvwv duh orz1
Wkh nh| uroh sod|hg eh pdunhw vl}h lq uhodwlrq wr hfrqrplhv ri vfdoh fdq eh
udwlrqdol}hg lq wkh iroorzlqj zd|1 Zkhq pdunhw vl}h lv orz/ wkh xsvwuhdp lq0
gxvwu| fdqqrw eh glylghg ehwzhhq wkh wzr frxqwulhv rq dffrxqw ri hfrqrplhv
ri vfdoh1 Wkhuhiruh/ zkhq wudgh frvwv duh kljk/ wkhlu ixuwkhu ulvh fdq ohdg wkh
h{sruwv ri wkh lqwhuphgldwh jrrgv dqg grzqvwuhdp IGL wr vwrs/ wkxv lqwur0
gxflqj d frpsohphqwdu| uhodwlrqvkls ehwzhhq IGL dqg wudgh1 Zkhq pdunhw
vl}h lv kljk lq uhodwlrq wr xsvwuhdp hfrqrplhv ri vfdoh/ wkh ulvh ri wudgh frvwv
ghwhuplqhv d glylvlrq ri wkh lqgxvwu| wkdw surgxfhv wkh lqwhuphgldwh jrrg
ehwzhhq wkh frxqwulhv/ wkxv holplqdwlqj wudgh lq lqwhuphgldwh jrrgv lq wkh
frqwh{w ri d vxevwlwxwlrq uhodwlrqvkls ehwzhhq IGL dqg wudgh1
Dv d gluhfwlrq ri ixwxuh uhvhdufk wrzdugv d pruh jhqhudo vhwwlqj/ lw fdq eh
7Wkh fdvh zkhuh pdunhw vl}h lv vr orz wkdw qr IGL kdsshqv lv glvuhjdughg1
8Qrwlfh wkdw iru ydoxhv ri q mxvw deryh ;3/ wkh wudqvlwlrq fkdlq lv +4>4,
￿ , +4>5, ,
+4>4, , +5>5,/ zklfk lv txdolwdwlyho| wkh vdph1Iruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq 48
frqvlghuhg wkh hqodujhphqw ri wkh vwudwhj| vhw ri sod|huv lq wkh orfdwlrq vxe0
jdph wkurxjk wkh lqwurgxfwlrq ri wkh vwudwhj| ￿H{lw￿ +ru ￿3￿ sodqwv,1 Xqghu
wkhvh flufxpvwdqfhv/ ￿.%￿|c.%￿|￿ zrxog eh d Qdvk htxloleulxp lq wkh orfd0
wlrq vxejdph dqg lw zrxog suredeo| eh wkh xqltxh htxloleulxp iru orz ydoxhv
ri pdunhw vl}h1 Wklv zrxog srvh djdlq wkh sureohp ri pxowlsolflw| ri htxl0
oleuld/ dv zlwk kljk ydoxhv ri | dqg ? wkuhh gl￿huhqw htxloleuld +￿fcf￿c￿￿c￿￿
dqg ￿2c2￿, zrxog eh rewdlqhg1
Dsshqgl{























?E￿ ￿ R￿ ￿￿ rwkhuzlvh +D15,
￿L E￿c2￿ ’ &?E￿ ￿ R￿ ￿ ￿f li ￿ ￿ R ￿ f
￿L E￿c2￿ ’ ￿?_es￿?e_ rwkhuzlvh +D16,
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?E￿ ￿ R￿ ￿2 li ￿ ￿ R ￿ f








?E￿ ￿ R￿ ￿ 2f rwkhuzlvh +D18,
￿( E2c￿￿ ’ ￿( E￿c￿￿ +D19,Iruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq 49
￿L E2c2￿ ’ &?E￿ ￿ R￿ ￿ 2f +D1:,







Pdwulfhv 44 dqg 45 duh irxqg e| pd{lpl}lqj ￿( ERc& m￿c￿￿/ ￿c￿ ’￿ c2/l q
uhodwlrq wr Rlq rughu wr ￿qg wkh sur￿w0pd{lpl}lqj RW E&m￿c￿￿1 Wkhq RW E& m￿c￿￿
lv vxevwlwxwhg lq ￿L ERc&m￿c￿￿/ zklfk lv pd{lpl}hg lq uhodwlrq wr & wr |lhog
&W E￿c￿￿1 &W E￿c￿￿ lv wkhq vxevwlwxwhg lq RW E&m￿c￿￿/d q g&W E￿c￿￿ dqg RW E￿c￿￿
duh erwk vxevwlwxwhg lq ￿L ERc&m￿c￿￿ dqg ￿( ERc& m￿c￿￿/ zklfk |lhogv wkhvh
sd|r￿v lq whupv ri wkh sdudphwhuv E|c?￿/ dv wkh| duh vkrzq lq pdwulfhv 44
dqg 451
Lq wklv surfhvv/ ihdvlelolw| erxqgv rq | duh ghulyhg1 Ohw xv frqvlghu wkh
rxwfrph E￿c￿￿ dqg ohw lw eh dvvxphg wkdw Rn| ￿ ￿1 Wkhq wkh sur￿w ixqfwlrq







?d2E￿ ￿ R￿ ￿ |o ￿ ￿ +D1<,
Pd{lpl}lqj wklv ixqfwlrq zlwk uhodwlrq wr R/ zh rewdlq wkh sur￿w0pd{lpl}lqj
















E￿ ￿R￿ ￿ ￿f +D144,
Vxevwlwxwlqj RW E&￿ iurp D143 lq D144 dqg pd{lpl}lqj lq uhodwlrq wr &/
zh rewdlq wkh rswlpdo sulfh ri wkh lqsxw &W
&














Wkh frqglwlrq ri ihdvlelolw| ri h{sruwv ri wkh frqvxphu jrrg lv
￿ ￿ ER
W n |￿ ￿ f / | ￿ f￿e +D147,Iruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq 4:
Dvvxplqj wkdw ￿ ￿R ￿ f/ d vlplodu surfhgxuh dssolhg wr sur￿w ixqfwlrqv
￿L E￿c2￿ dqg ￿( E￿c2￿ lq D16 dqg D17 ohdgv wr wkh frqglwlrq ri ihdvlelolw| ri
IGL lq wkh frqvxphu jrrg lqgxvwu| dv
￿ ￿ R
W ￿ f / | ￿ e
Uhihuhqfhv
EORQLQJHQ/ Euxfh +4<<<,/ ￿Lq vhdufk ri vxevwlwxwlrq ehwzhhq iruhljq
surgxfwlrq dqg h{sruwv￿/ QEHU zrunlqj sdshu :4871
EUDLQDUG/ V1 Odho +4<<6,/ ￿ D vlpsoh wkhru| ri pxowlqdwlrqdo fru0
srudwlrqv dqg wudgh zlwk d wudgh0r￿ ehwzhhq sur{lplw| dqg frqfhqwud0
wlrq￿/ QEHU zrunlqj sdshu 759<1
HJJHU/ Shwhu +5334,/ ￿Hxurshdq h{sruwv dqg iruhljq gluhfw lqyhvw0
phqw= d g|qdplf sdqho gdwd dssurdfk￿/ Zhowzluwvfkdiwolfkhv Dufkly/
46:+6,/ ss1 75:077<1
KDUVDQ\L/ Mrkq dqg Uhlqkdugw VHOWHQ +4<;;,/ D Jhqhudo Wkh0
ru| ri Htxloleulxp Vhohfwlrq lq Jdphv/ Orqgrq2Hqjodqg dqg Fdp0
eulgjh2Pdvvdfkxvvhwv/ Wkh PLW Suhvv1
KHOSPDQ/ Hokdqdq +4<;7,/ ￿D vlpsoh wkhru| ri lqwhuqdwlrqdo wudgh
zlwk pxowlqdwlrqdo frusrudwlrqv￿/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <5+6,/
ss1 78407:41
KRUVWPDQQ/ Ljqdwlxv dqg Mdphv PDUNXVHQ +4<<5,/ ￿Hqgrjh0
qrxv pdunhw vwuxfwxuhv lq lqwhuqdwlrqdo wudgh +qdwxud idflw vdowxp,￿/
Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 65+405,/ ss1 43<045<1
SDQWXOX/ M|rwkl dqg Mhvvlh SRRQ +5336,/ ￿Iruhljq gluhfw lqyhvw0
phqw dqg lqwhuqdwlrqdo wudgh= hylghqfh iurp wkh XV dqg Mdsdq￿/ Mrxu0
qdo ri Hfrqrplf Jhrjudsk|/ 6+6,/ ss1 574058<1
SDLQ/ Qljho dqg Ndwkdulqh ZDNHOLQ +4<<;,/ ￿H{sruw shuirupdqfh
dqg wkh uroh ri iruhljq gluhfw lqyhvwphqw￿/ Pdqfkhvwhu Vfkrro ri Hfr0
qrplf dqg Vrfldo Vwxglhv/ 99+6,/ ss1 950;<1Iruhljq Gluhfw Lqyhvwphqw dqg Wudgh Fuhdwlrq 4;
SIDIIHUPD\U/ Plfkdho +4<<9,/ ￿Iruhljq rxwzdug gluhfw lqyhvwphqw
dqg h{sruwv lq Dxvwuldq pdqxidfwxulqj= vxevwlwxwhv ru frpsohphqwv￿/
Zhowzluwvfkdiwolfkhv Dufkly/ 465+6,/ ss1 83408541
VYHQVVRQ/ Urjhu +4<<9,/ ￿H￿hfwv ri ryhuvhdv surgxfwlrq rq
krph frxqwu| h{sruwv= hylghqfh edvhg rq vzhglvk pxowlqdwlrqdov￿/
Zhowzluwvfkdiwolfkhv Dufkly/ 465+5,/ ss1 638065<1